Objective. The purpose of this study was to assess the accuracy of prenatal sonographic diagnosis of birth defects and the gestational age at detection according to the health insurance schemes of mothers in 450 malformed neonates from 18 South American hospitals on the basis of prenatal sonographic records. ). Before 24 gestational weeks, anencephaly had the highest detection rate. Cleft lip and clubfoot were more easily detected when associated with other anomalies. The detection rates for central nervous system and renourinary malformations were greater than 80%. Detection rates between both health insurance schemes (public and nonpublic) did not show significant differences, but anencephaly, spina bifida, renourinary defects, and cleft lip with or without cleft palate were detected earlier in patients from nonpublic rather than in public hospitals. Conclusions. For specific anomalies, South America shows similar levels of prenatal sonographic detection as developed countries. Detection rates during pregnancy were similar for public and nonpublic hospitals, whereas cases were diagnosed earlier in patients from nonpublic hospitals. 40.3444/2004-7 and 40.1467/2004-0 [1] [2] [3] [4] [5] This rate varies widely among countries according to the availability of sonography and the use of prenatal screening as well as the individual parental decision to continue a pregnancy. 
Several studies evaluating population-and hospital-based sonographic performance have shown a wide range of accuracy rates, depending on the strategy used for screening, different local policies related to prenatal screening, sonographer and sonologist training, and the risk level of the population examined. [7] [8] [9] [10] [11] [12] [13] To our knowledge, prenatal sonographic detection of birth defects has not been assessed for South American populations to date, and although sonography has become a standard practice in prenatal care, no information exists in South America combining prenatal sonographic findings and postnatal diagnoses of birth defects.
Access to prenatal care services in South America differs among pregnant women according to their place of residence, socioeconomic status, and the health insurance scheme available. This population shows substantial differences because patients at high socioeconomic levels follow the patterns of developed countries, whereas those of lower socioeconomic levels are deprived of adequate prenatal care. 14 The first group attends nonpublic hospitals, for which private insurance is required. Thus, they have access to genetic counseling, prenatal screening, and prenatal diagnosis. 15, 16 Patients from lower socioeconomic groups attend public hospitals, most of them free or with very low costs. These mothers are younger, with lower education levels and lower numbers of prenatal visits. 14 Sonography in public hospitals is mainly performed for specific clinical indications. Although there is an increasing trend for fetal anomaly scanning in high-risk groups of pregnant women, better technology, and higher accessibility to professional training, populations with low socioeconomic resources still show limited access to prenatal care and consequently late diagnoses. 14, 17 Therefore, differences in sonographic diagnoses of birth defects may be expected, although this assumption has not yet been explored. 18, 19 The aims of this study were to assess prenatal detection of congenital malformations by fetal sonography in a birth series from 18 South American maternity hospitals and to analyze differences in diagnostic accuracy according to the types of malformations, gestational ages at diagnosis, and health insurance schemes of the mothers (nonpublic and public). Because there are different recommendations and guidelines for fetal sonographic examination across South American countries, a specific form was designed for this study. This form included descriptive information about the case, the gestational age according to the last menstrual period or first-trimester sonography, fetal measurements (biparietal diameter, femur length, and abdominal circumference). These guidelines also included a list of organs and systems to be examined, which were organized into 14 major groups (skull, intracranial structures, face and neck, spine, cardiovascular system, rest of the thorax, diaphragm, abdominal wall, digestive system, urogenital system, limbs, intrauterine growth restriction, ovular adnexa [placenta, cord, membrane, and amniotic fluid] and other), and a description of the detected anomaly and suspected diagnosis ("Appendix"). Sonographic examinations were performed by trained staff sonographers using high-resolution equipment.
Materials and Methods

Data Collection
All sonographic records with diagnosed anomalies were sent to the coordinating group. Trained pediatricians ascertained neonates at birth, diagnosed their conditions, and sent their medical records to the coordinating group, where prenatal and at-birth records were linked by an identification code. Sonographic detection rates were compared with at-birth outcomes for each malformation.
The anomalies detailed below were selected for analysis: abdominal wall defects (omphalocele, gastroschisis, and other defects); anencephaly (anencephaly and acrania); spina bifida (with or without hydrocephaly); hydrocephaly (without spina bifida); other specified anomalies of the brain (cephalocele, microcephaly, and others); heart and great vessel anomalies; cleft lip with or without cleft palate; renourinary system malformations (renal agenesis, cystic kidney disease, congenital obstructive defects of the urinary tree, and other malformations of the kidneys and urinary system); clubfoot (talipes equinovarus, talovalgus, and cavum); limb reduction anomalies; and skeletal malformations (birth defects of the skull, spine, ribs, and sternum, skeletal dysplasias, and other specified anomalies of bones and cartilage). Minor congenital malformations were excluded from the study. Anomalies detected in fewer than 12 cases were grouped as "other."
The following data were obtained from the sonographic record for each case: gestational age by last menstrual period at diagnosis; affected organs, systems, or adnexa (amniotic fluid, cord, and placenta); description of the anomalies; and suspected diagnoses.
The health insurance schemes of the hospitals of birth were classified as public when care was provided free of charge (state hospitals) and nonpublic when patients were charged a premium cost directly or indirectly through a health insurance scheme.
Data Analysis
Prenatal sonographic descriptions of anomalies were compared with those recorded at birth. When prenatal and postnatal diagnoses coincided, they were classified as true-positive; when the malformation prenatally observed differed from the one detected during the neonatal examination, it was classified as a misdiagnosis; and for multimalformed cases, anomalies detected at birth that were prenatally undetected were classified as not detected.
Detection rates were estimated as true-positive anomalies over total anomalies confirmed at birth. Misdiagnosis rates were defined as the numbers of incorrectly diagnosed anomalies over the total numbers of prenatally diagnosed anomalies. Scanning specificity could not be estimated because nonmalformed neonates were not included in this study.
Defect detection rates were analyzed according to gestational ages (before or after 24 gestational weeks), presence or absence of associated malformations, and health insurance schemes of the mothers. Values were expressed as observed to expected ratios and 95% confidence intervals (CIs) following Poisson distribution. Differences were evaluated by t and Mann-Whitney tests for continuous variables normally and non-normally distributed, respectively. The significance level P < .05 was used.
Anomalous fetuses (total cases) as well as anomalies (total diagnoses) were counted for data analysis. Thus, a fetus presenting 2 anomalies was considered as 1 anomalous fetus but as 2 birth defects.
This study followed the principles set out in the Declaration of Helsinki and its amendments, and the International Guidelines for Biomedical Research on Epidemiological Studies from the Council of International Organizations of Medical Sciences. Identifying data of women included in this study were anonymously collected, and all steps in the study were approved by the ECLAMC Ethics Committee at the Center for Medical Education and Clinical Research of Argentina.
Results
A total of 450 fetuses with prenatally detected malformations were followed until birth. Of these, 316 had a single malformation; 78 had 2; 38 had 3; 12 had 4; 2 had 5; 2 had 6; and 2 had 7. Prenatal sonographic screening detected 670 defects, representing 1.5 defects per fetus.
Prenatally detected anomalies were classified into 11 groups, shown in Table 1 in decreasing order of detection rate. Of all 812 anomalies detected at birth, 457 were prenatally detected as true-positive (56.3%; 95% CI, 52.8%-59.8%). Detection rates for spina bifida, renourinary system anomalies, anencephaly, abdominal wall defects, and hydrocephaly were greater than 80%, whereas those for cleft lip with or without cleft palate, limb anomalies, and clubfoot were less than 25%. Of 670 prenatally detected anomalies, 213 were misdiagnosed at birth (global misdiagnoses, 31.8%; 95% CI, 28.4%-35.6%). The highest misdiagnosis rates were observed for the following anomalies: cleft lip with or without cleft palate, limb defects, and clubfoot. These defects also showed the lowest detection rates (Table 1) .
Of 426 malformed fetuses with specified gestational ages, 101 (23.7%; 95% CI, 19.7%-28.0%) had diagnoses before 24 gestational weeks (mean gestational age ± SD, 20.31 ± 3.19 weeks). Of 636 prenatally detected anomalies shown in these 426 fetuses with specified gestational ages 157 (24.7%; 95% CI, 21.4%-28.2%) were detected before 24 weeks.
Of the 426 cases, 101 were diagnosed before 24 gestational weeks (23.7%; 95% CI, 19.7%-28.0%). Assuming that these frequencies were similar for each anomaly, the number of expected cases was obtained by multiplying the total number of cases for each anomaly by 0.237. Thus, we could state as an example that 10.2 (0.237 × 43) anencephaly cases would be expected to be detected if the rate of detection were 23.7%, and 24 cases were already found. The relationship between the observed to expected ratio (24/10.2 = 2.35) was significant. In this sense, anencephaly was the most frequent malformation detected before 24 weeks (mean gestational age, 20.0 ± 3.0 weeks). The chance of early diagnosis was 2.3 times higher for anencephaly than for the remaining anomalies. Conversely, most fetuses with spina bifida had a diagnosis after 24 weeks (mean gestational age, 32.8 ± 3.3 weeks; Table 2 ).
Associated malformations were diagnosed in 134 of 450 fetuses (29.8%; 95% CI, 25.6%-34.2%). Six anomalies showed significantly higher prenatal detection rates than expected when found associated with other defects: clubfoot, cleft lip with or without cleft palate, skeletal malformations, other specified anomalies of the brain, heart and great vessel anomalies, and limb reductions (Table 3) .
Of 297 isolated malformations with specified gestational ages, 68 (22.9%; 95% CI, 18.2%-28.1%) were diagnosed before 24 weeks (mean gestational age, 20.1 ± 3.5 weeks); of 129 associated cases, 33 (25.6%; 95% CI, 18.3%-34.0%) were diagnosed before 24 weeks (mean gestational age, 20.8 ± 2.5 weeks). Detection rates showed no significant differences between isolated and associated cases before 24 weeks (χ 2 1df
= 0.36; P = .549). Mothers attending nonpublic hospitals were older with higher maternal education than those from public hospitals. Means for gestational age (weeks) at anomaly detection, gestational age (weeks) at the first prenatal visit, and gestational age (weeks) at the first prenatal scan were lower for patients from nonpublic hospitals than for those from public hospitals. The numbers of sono- At birth N indicates TP + ND; CL/P, cleft lip with or without cleft palate; DR, detection rate; Limbs, polydactyly, syndactyly, limb reduction, and other anomalies of the limbs; MN, misdiagnosis number; MR, misdiagnosis rate; N, number of cases with the anomaly; ND, not detected (N); OSA of brain, other specified anomalies of the brain (cephalocele, microcephaly, and others); Other, other diagnoses with less than 12 cases each; Prenatal N, TP + MN; Skeletal, skull, spine, ribs, sternum, skeletal dysplasias, and other specified anomalies of bones and cartilage; and TP, true-positive (N).
graphic scans and prenatal visits were significantly higher for nonpublic than for public hospitals.
No differences in the numbers of previous pregnancies were observed between groups (public and nonpublic hospitals; Table 4 ). Detection rates between both health insurance schemes (public and nonpublic) did not show significant differences, but anencephaly, spina bifida (Figures 1 and 2, respectively) , renourinary defects, and cleft lip with or without cleft palate were detected earlier in patients from nonpublic hospitals than those from public hospitals (P < .05; Table 5 ).
Discussion
Birth defects represent one of the leading causes of infant mortality and disability in South America, showing a steady and progressive rise during the last decades. [21] [22] [23] Early detection of birth defects could reduce their impact on the quality of life of disabled people, allowing the optimization of perinatal clinical management, the use of specialized neonatal and pediatric intensive care, and the timely application of surgical techniques. [24] [25] [26] [27] Campaña et al The global prenatal sonographic detection rate for the 450 cases followed until birth was 56.3%. When comparing sensitivity rates among studies, some difficulties were found because of methodological differences such as criteria used for data collection and the exclusion of certain anomalies, usually not detected by routine sonographic studies, including heart defects and minor malformations. 28 Thus, other studies have shown a wide range of detection rates for fetal malformations, from 13.3% in Ireland to 81.8% in the United Kingdom.
2,3 Levi 3 showed 40.4% total sensitivity and average sensitivity of 55% and 92% for population samples at regular and high risk, respectively.
The method used to evaluate sonographic screening studies may vary considerably. Sensitivity is influenced considerably by several factors, such as the population selected, public health policies, gestational age at screening, total number of sonographic scans, distribution of malformations among different health insurance schemes, exclusion of fetal malformations, accuracy of neonatal examinations, training of practitioners in charge of the examinations, technological equipment used, and period of ascertainment. 3, 29, 30 The distribution of malformations in this population probably differed from those observed in developed countries. The lack of health policies for the prenatal diagnosis of anomalies as well as pregnancy termination could have influenced the whole spectrum of anomalies and increased the number of fetuses with more than 1 anomaly. However, it might have affected the global but not the specific sensitivity for each given malformation. Detection rates reported by the Eurofetus Study, 2 one of the largest screening studies published, were similar to those found in this study and varied according to the malformation. They were high for renourinary, abdominal wall, and central nervous system anomalies and low for cleft lip and heart malformations. The 89.7% detection rate observed in this study for renourinary anomalies was similar to that reported by Wiesel et al 31 in about 700,000 births from 12 European countries, and the 58.5% detection rate for heart defects was comparable with the 57% rate reported in a recent study on 30,149 fetuses from an unselected population. 32, 33 This study showed that detection rates also vary depending on the presence of other fetal malformations. The observation of several anomalies on sonography leads to an in-depth search for other anomalies, mainly those difficult to detect, such as heart and great vessel anomalies, cleft lip with or without cleft palate, clubfoot, and skeletal malformations. 2 The average gestational age at diagnosis, varying according to the type of anomaly, was higher than that reported by other studies such as Eurofetus. 2 Of all malformations observed, 75% were detected after 24 weeks, reflecting late diagnosis. When the sample was divided by the health insurance schemes of the mothers, patients from nonpublic hospitals had earlier gestational ages at detection than those from public hospitals, even though detection rates were similar for both health schemes. Furthermore, the average numbers of prenatal visits and sonographic examinations were significantly higher for patients from nonpublic hospitals than those from public hospitals. These differences could reflect the unequal access of mothers to prenatal care (first sonographic scan at a later gestational age for patients from public hospitals than those from nonpublic hospital and later admission of patients to public hospitals for prenatal control). Women from public hospitals were more often single, adolescent, and less educated and had poorer medical histories compared with those from nonpublic hospitals. 34 Detection of birth defects affects pregnancy termination rates in most European countries. 4 Grandjean et al 2 reported voluntary termination in 27% of pregnancies with birth defect diagnoses and 41% when defects were severe; 83% of these terminations were performed before 24 weeks' gestation. However, this is not the case for South America, where pregnancy termination after any malformation diagnosis is not legal, except for anencephaly in some cities where the judge may grant a special permit under variable circumstances.
Weaknesses
Because of the relatively small sample size in our study, very rare anomalies were not included for detection rate evaluation. A bias in the classification of public and nonpublic hospitals cannot be disregarded. Although public hospitals assist patients without health insurance, nonpublic hospitals provide assistance to those with a mixed insurance scheme, either direct or indirect. The referral of patients from and to ECLAMC hospitals might have led to overestimates or underestimates in prenatal detection rates and could have represented a bias in our study.
Strengths
The sample was obtained from 18 South American hospitals, and 450 cases with prenatal diagnoses could be followed to birth. The characteristics of the hospitals included in this study are quite comparable with those of other hospitals in the region.
To our knowledge, a study evaluating prenatal detection of birth defects in South American populations has not been reported previously, and this study could provide a methodological basis for setting up a sonographic registry. The accuracy of prenatal sonographic detection of specific birth defects was assessed and validated with careful diagnostic precision. A committed professional team was in charge of every step of the study: prenatal diagnoses were made by the same sonographers, and neonatal examinations were performed by pediatricians highly trained in the diagnosis of birth defects who participate in the ECLAMC, a program with more than 40 years of experience in recording birth defects in South America. This study, and others that might follow, will allow assessment of the impact of sonography on the short-and long-term outcomes of malformed neonates in South America.
Conclusions
The detection rates reported here are similar to those found by other authors for populations at low risk. These rates varied according to the type of anomaly. Despite cultural and socioeconomic differences between South America and developed countries, similar performance of prenatal sonographic detection and diagnosis of birth defects was observed. The gestational age at detection was later for South American populations than reported for other countries. For some birth defects, an early gestational age at detection depends on the type of health insurance scheme.
